Abstract. Male bank swallows pursue a mixed reproductive strategy. As previously documented, they form monogamous pair bonds with females with whom they will share parental duties of nest-building, incubation, and feeding of the young. In addition, however, they routinely seek promiscuous copulations with otherfemales, both before and after pair-bonding.
Trivers suggests that a monogamous male should be under selective pressure to pursue a "mixed" reproductive strategy when conditions permit: "to help a single female raise young while not passing up opportunities to mate with other females whom he will not aid" (I, p. 145). As a corollary, in such species the male should sequester his mate, that is, protect her from insemination by other promiscuous males. In the course of a long-term study of the bank swallow, Riparia riparia (2) , we have discovered that males of this species appear to routinely and actively pursue a mixed reproductive strategy (MRS). Some of the behavior patterns we have observed have been noted before and interpreted differently (3, 4), but we believe that our observations in sum can be more parsimoniously interpreted as reflecting the operation and consequences of a male MRS. To the best of our knowledge this is the first documentation of an MRS as a persistent aspect of the social behavior of a nonhuman vertebrate species (5) .
Bank swallows are insectivorous birds that hunt their prey on the wing, foraging over long distances from the nest (6). They live in large colonies, possibly because of the benefits of social foraging or predator defense, although this explanation is disputed (2, 6, 7). These colonies typically contain hundreds and sometimes thousands of individuals, who dig tightly packed burrows into sheer sandbanks; these banks occur naturally in cuts along waterways and, more commonly now, in man-made sand quarries. A pair builds its nest at the back of the burrow and raises a single brood there. The sexes are monomorphic, and the behavior of male and female has generally been described as identical in most respects as well (3, 4) . For example, both sexes participate in nest-building, incubation, and feeding of the nestlings. At first glance, bank swallows seem the classic example of a monogamous, ' monomorphic bird species.
Two crucial conditions for a male MRS are present in bank swallows. (i) They live in large social groups, and (ii) within the colony as a whole there is little synchronization with respect to nesting-cycle state [though smaller groups within a large colony do show marked intragroup synchronization (6)]. Thus it is possible, theoretically at least, for a mated male to seek promiscuous copulations with females who have just paired and are about to lay eggs.
Our general method has been to colormark and band 20 to 30 individuals in a colony and then systematically note the particular kinds of interactions they are involved in. Although there are a number of published studies of the social behavior of bank swallows, useful data on the relations of the sexes are scarce since the investigators have not systematically observed color-marked individuals whose sex was known (8). Our generalizations are based on observation of 252 colormarked individuals of known sex at 12 sites in Michigan and Massachusetts. These observations represent approximately 2000 observation-hours over eight breeding seasons (1970 through 1977) . Our data base gives us reasonable confidence that our generalizations are not trivially population-specific.
The key observation is that for a 7-to 8-day period after pair formation (9), the male bank swallow pursues his mate on each and every flight from the burrow (as many as 100 flights in one day) (Fig. 1) . We interpret these chases as mate-guarding. On these flights, which may be relatively short flights to collect nesting material or foraging flights of l/2 hour or longer, the male stays very close to the female (generally within I m). Keeping close to his mate requires considerable agility on the male's part, owing to the acrobatic nature of her flight. These spectacular pursuit flights are the most conspicuous feature of a bank swallow colony in its early stages. They were first clearly described by Petersen (3), who thought they were engaged in by mated pairs with the male as the chaser. We have confirmed this in observing more than 100 color-marked pairs: We have never seen an exception to the rule that the male chases the female. Petersen gave these pursuit flights the apt name "sexual chases," but he interpreted them as courtship displays functioning to solidify the pair bond. This is a nice example of the differing interpretations afforded by the approaches of classical natural history and contemporary sociobiology (10), though these interpretations are not mutually exclusive.
Petersen also noted that on most sexual chases the pair is joined by one or more additional birds, but he was unable to determine the sex or other characteristics of these birds. We have been able to identify the sex of these additional chasers in more than 100 cases: they are always males. Thus a sexual chase typically consists of a female, her mate, and, over at least part of its course, one to five other males; all the males follow the intricate maneuvers of the female, giving the chase its spectacular appearance. We propose that sexual chases represent the two aspects of a male MRS: (i) the male's attempting to protect his mate from insemination by other males and (ii) other males' probing for opportunities for promiscuous copulations. We offer several lines of evidence to support this view.
1) Mated males as well as unmated males enter chases as additional chasers. Since males never have 'more than one mate, this indicates that the activity is not part of mate acquisition. One example is shown-in Fig. 2 , which gives typical data for one subcolony of ten color-marked pairs. All the males of this group entered chases as chasers (we distinguish for convenience between "chasers" and "guarders") both before and after the period in which they were otherwise occupied in guarding. The only exceptions we have observed to the rule that males resume chasing during incubation occur when the opportunity does not exist. namely for late-nesting (probably renesting) birds. That mated males consistently participate in these chases establishes this behavior pattern as part of an MRS, provided that there is some likelihood that such chases can lead to successful copulations.
2) Additional field observations (2) have established that male-male competition is involved in these sexual chases. On many sexual chases in which the pair is joined by one or more chasers, the male will loop back and attempt to fight off the chasers. Sometimes he merely bumps the chaser, but he may enter into a vigorous face-to-face fight. A most interesting case occurs when the pair flies out of the burrow directly into very heavy traffic (three or four chasers). The guarding male may then overtake his mate and attempt to direct her back to the burrow. This he does either subtly by bumping her once or twice (to which she Fig. 2 . Each data point represents the percentage of marked males in the subcolony (N = 10) that at least once on that day were observed to (i) chase their mate from the burrow and back (O), as in Fig. 1, or (ii) chase birds who were not their mates, typically females of other pairs (0). In the latter case, the male entered into the chase away from his home burrow, most often near a burrow of another pair. The numbers can add to more than 100 percent, since a male can do both on a given day (in fact, however, they typically are seen to do only one or the other on a given day). Note also that the "nonmate" category can include the female who later becomes his mate. Each day's data are based on four to six observation hours. The true percentage, of course, may be underestimated:
this measure reflects the same effects, however, as other similar measures (for example, number of times a bird is seen chasing per hour) but is less influenced by sampling errors.
Considerable
evidence suggests that the chasing male is seeking copulations, apart from the three cases we have seen and the circumstantial evidence given above. Many observers have reported promiscuous copulations by bank swallows with dead or stuffed birds (2, 3, 4, 7). Hoogland and Sherman reported that these copulations are particularly easy to elicit when a colony is in the nesting stage, that only males participate, and that the semen can be found on the dead bird (7). In similar experiments (2), we have found that muted males participate in these promiscuous copulations. We have observed that any heavy flying bird elicits this "rape" reaction. For example, on a few occasions when a just- released, newly color-marked bird had difficulty gaining altitude, it was pounced on by a group of birds who then attempted copulations. Similar reactions occur when the bird is flying with difficulty for natural reasons (for example, when it is sick). We think this may be related to the heavier flight of egg-carrying females. A final point is that although the female's reproductive system regresses throughout incubation, the male's does not: his testes contain sperm until well into the stage in which he is feeding nestlings (3) .
Previously many aspects of the social behavior of animals have gone unnoticed, been misunderstood, or been ignored because of the failure to recognize their potential function of maximizing the individual's inclusive fitness (I 5). We suggest that much of the social behavior of bank swallows is understandable only when viewed in the context of an MRS. This aspect of social behavior among bank swallows is so prominent that we suspect that closer investigation of the natural history of other monogamous species living under the appropriate conditions may reveal that an MRS is indeed a relatively common pattern. 3311. The male's reproductive strategy cannot be described as "mixed", however, at least in some of these species, since these males do not make any parental investment. 
